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New Zealand is susceptible to a wide range of natural hazard events. The response of dwellings to these adverse events is critical to
both the resilience of whole communities and the individuals within them, with older people being particularly vulnerable when homes
are damaged or destroyed. Older people are deﬁned as those 65 years and older. In New Zealand, most older people are owner-occupiers
and they must therefore confront the tasks of making good their dwellings and dealing with insurance companies after an adverse event.
This research investigates just how vulnerable older people are in adverse natural events, through the examination of both physical and
functional aspects of their dwelling, compared to those dwellings owned by the general population.
The data from the 2010 House Condition Survey (HCS) by BRANZ (an independent research, testing and consulting company pro-
viding resources for the New Zealand building industry) provided an opportunity for a preliminary examination of this, in particular the
resilience of the New Zealand dwelling stock in the context of storms and weather-related adverse events. An assessment was then made
of the vulnerable features of housing inhabited by the general population compared with those 65+. It was found that older people do
not appear to be substantially or systematically more exposed to dwellings with less resilient designs, materials or amenities. This paper
identiﬁes some additional questions to the existing HCS that will lead to a more comprehensive understanding of households’
storm-related resilience in New Zealand.
 2015 The Gulf Organisation for Research and Development. Production and hosting by Elsevier B.V. All rights reserved.
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In this study, resilience is deﬁned as “the ability of peo-
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Peer review under responsibility of The Gulf Organisation for Research
and Development.following an event. Therefore, to begin the recovery pro-
cess after a disaster or extreme hazard event, individuals
and communities must have the resources to look after
themselves before help can arrive. Preparedness is the key
to resiliency.” (Finnis, 2004).
In this context, a resilient home is one that:
 Helps to protect occupants during an event.
 Minimises damage.
 Minimises the costs and time involved in recovering and
repairing damage.duction and hosting by Elsevier B.V. All rights reserved.
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mance of dwellings during an extreme event and that resi-
dents have the knowledge to enable them to increase that
performance, if appropriate.
Building resilience has recently emerged as a key interest
for government advisers, research funders and practitioners
internationally (Wilson, 2011). NewZealand’s interest stems
from its national vulnerability to awide range of adverse nat-
ural events. Of these, storms and other high wind events
resulted in the highest insurance losses from natural hazards
inNew Zealand from 1968 to 2012 (with the exception of the
Canterbury earthquakes) (Jones et al., 2014).
Relatively complete storm vulnerability information for
buildings is available from international literature, and
some consumer tools exist to inform decisions to improve
building resilience (Jones et al., 2014). However, the tools
and the ratings given in these international tools do not
completely reﬂect the materials available in New Zealand
or the way that New Zealand houses are built. BRANZ
has carried out an HCS every 5 years since 1994, providing
a snapshot of New Zealand’s housing stock at diﬀerent
points in time. This has been done by investigating a group
of houses that broadly represent the range of designs, ages
and conditions of New Zealand houses, and also interview-
ing their occupants.
The 2010 HCS was the ﬁrst nationwide survey allowing
the examination of resilience on a national scale. It also
included a representative selection of properties occupied
by people 65+, providing an opportunity to examine the
vulnerability of older people relative to the general popula-
tion. A detailed description of the HCS is given elsewhere
(Buckett et al., 2011).
The 65+ cohort in New Zealand, like many developed
nations, is of particular interest in this research due to their
increasing share of the demographic. By 2031, it is expected
that between 20 and 22 percent of New Zealanders will be
aged 65+, compared with 14 percent in 2012. By 2061, it is
expected that between 22 and 30 percent of the population
will be aged 65+ (Statistics New Zealand, 2014).
2. Methodology
In 2010, four hundred and ninety-one houses were ran-
domly selected from New Zealand’s nation-wide housing
stock, as part of the BRANZ 2010 HCS (Buckett et al.,
2011). They were then individually inspected and occupant
interviews were completed concerning their family circum-
stances and maintenance practices. Both the inspections
and the interviews were carried out by trained independent
personnel. All the properties in the HCS were standalone
houses, including terrace housing and units, and excluding
apartments and ﬂats. It was required that each property
had no units above or below it, and that there was ﬁre sep-
aration from other units if adjoined, thereby constituting
an independent dwelling. A simpliﬁcation of the research
method can be seen in Fig. 1.The HCS has not deliberately collected
resilience-speciﬁc data in the past, but it has collected data
relevant to our understanding of resilience in the New Zeal-
and housing stock. It also allowed the research team to
assess, on that available set of data, whether older partici-
pants in the survey were more likely to be living in dwell-
ings that have less resilient design, materials and
amenities. Although no special eﬀort was made to target
occupants 65+ for inclusion in the HCS, sample analysis
showed that 145 (or 30%) of the dwellings assessed were
occupied solely by those aged 65+. This provided an
opportunity to compare this group with the rest of the gen-
eral population in the sample.
As one constituent of research into dwelling resilience, a
review was undertaken of the international literature on the
resilience of dwellings to storms. The important learnings
from that review can be summarised as follows:
 The overall condition of a component will exert a con-
siderable inﬂuence over its performance under normal
and extreme conditions. A component that has not
been maintained will fail ahead of what would be
expected for a new or similar item subject to an active
maintenance programme. For example, if a window
has glazing seals that are loose or opening elements
that are poorly supported, there is a high likelihood
that its performance during a storm will be poorer than
if its components had been in good condition. Building
age can have diﬀerent implications. Older buildings
may be less resilient. This may be because of poor
maintenance and repair. It may also be because the
performance requirements on buildings may change.
New Zealand compliance documents have evolved over
time to integrate areas – such as revised wind zoning
and risk ratings. As a result, older buildings and older
additions may not have been engineered or assessed to
ensure they are optimal. This may make them more
vulnerable during a storm event. However, new build-
ings may have less amenity resilience than older build-
ings. The trend towards increased reliance on
reticulated electricity for water heating, space heating
and cooking can reduce the protective and functional
capacity of buildings in adverse natural events, where
electricity supply is lost.
 Canopies, verandas, lean-tos and carports are a weak
link within the building envelope during storms and
other high-wind events (Unanwa et al., 2000).
 A more complex building envelope means more wall
junctions and greater risk of leaks. Generally, the more
complicated the building shape, the higher its resilience
risk (Unanwa et al., 2000).
 Diﬀerent materials react diﬀerently to temperature
changes: rates of thermal expansion and contraction
vary depending on the material, and there may also be
diﬀerences in response to moisture exposure, moisture
absorption and subsequent drying.
Figure 1. Schematic diagram of methodological process.
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ing envelope during storms and other high-wind events
(Unanwa et al., 2000). The literature shows that window
or door failures can increase the risk of roof failure
(Minor and Behr, 1994; Mitrani et al., 1995). Not only
are windows likely to break at much lower wind pres-
sures than adjacent cladding components, but they are
also very susceptible to breakage by windblown debris.
Windblown debris is the major cause of window break-
age during extreme events (Minor, 2005). In a similar
way to windows, glass in doors is likely to break at much
lower wind pressures than adjacent cladding compo-
nents (Federal Emergency Management Authority,
1993).
 Non-consented buildings may be vulnerable. Smaller
additions, below 10 m2, have typically been exempt from
the consent process applied to other buildings. This
means they may be more at risk of poor workmanship
or design.
 Design and amenity characteristics can impact on resili-
ence. Speciﬁcally in terms of design: performance of the
thermal envelope; the orientation of the living spaces to
the sun; external shading and ventilation strategies for
the management of overheating. In terms of amenity:
the dependence on reticulated energy sources and water
supplies, especially for space heating, hot water provi-
sion and cooking.
 In terms of water damage, international research com-
bined with empirical ﬁeldwork reported by BRANZ
(Jones et al., 2014) suggests that certain materials tend
to be more resilient than others.
3. Results
The following results were derived by data mining the
2010 BRANZ HCS (Buckett et al., 2011). The dimensions
examined were: (i) dwelling age and condition; (ii) cano-pies, verandas and additions; (iii) roof types and roof
condition; (iv) complex junctions, multiple claddings and
cladding condition; (v) sunrooms, conservatories, windows
and exterior door condition; (vi) ﬂooring materials; and
(vii) thermal comfort, cooking and water provision.
3.1. Dwelling age and condition
The average age of dwellings in New Zealand is approx-
imately 50 years, based on the HCS sample. There are no
systematic or signiﬁcant diﬀerences in the distribution of
property ages for the general sample population when com-
pared with the distribution for residents 65+. However, the
65+ group resided in slightly more properties between 20
and 50 years old and slightly fewer 60 years or older
(Fig. 2). Previous analysis showed that generally the age
of the dwelling is directly related to the dwelling condition
(Buckett et al., 2011) as shown in Fig. 3. These ratings were
based upon the average condition of the major compo-
nents, such as roof, claddings, foundations etc., on a 1–5
scale where 5 = excellent and 1 = very poor.
Onsite assessors also made an overall condition assess-
ment for each dwelling. This showed that homes occupied
by 65+ were more likely to be well maintained. Fewer older
people dwell in homes that were rated as poorly maintained
(Fig. 4). As a side note, the HCS found that householders
consistently overstate the condition of their dwellings
(Buckett et al., 2010).
Examining this in more detail, there is a consistent trend
for the homes of those 65+ being in better condition than
the rest of the sample over most property age bands.
3.2. Canopies, verandas and additions
The HCS did not speciﬁcally record the presence or
condition of canopies or verandas. However, attached
decks and balconies were recorded as being present for
57% of the 65+ group compared to 65% for the general
Figure 2. Dwelling age distribution.
Figure 3. Dwelling age versus condition from major components {Source:
(Buckett et al., 2010)}.
Figure 4. Dwelling condition distribution.
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immediately or within 3 months. Along with decks, car-
ports are often an addition. Carports were slightly less
common in the general population (18%) than with the
65+(23%). Both groups had 4% needing maintenance
immediately or within three months. No diﬀerence was
found in the condition of structures classiﬁed as ‘Addi-
tions’ between the general population and the 65+.3.3. Roof types and roof condition
Hip, gable, simple sloped, mono-pitch and salt-box
roofs are all lower risk and therefore have higher resilience.
Flat and complex roof designs are more vulnerable to
storm damage. More than 80% of properties in the sample
had simple gable and hip roofs while 4% were mono-pitch.
Of the remaining roofs, 2.4% were ﬂat and only 0.2% were
mansard. These results suggest that relatively few proper-
ties have higher risk roofs, although the 2005 HCS
(Clark et al., 2005) found 12% of properties inspected
had a ﬂat roof.
The major resilience issue for roofs lies in the condition
of the roof, irrespective of the design. The percentage of
dwellings needing roof maintenance immediately or within
3 months was also fairly similar for the 65+(10%) and the
rest of the sample (14%).
3.4. Complex junctions, multiple claddings and cladding
condition
Empirical ﬁeldwork reported by BRANZ (Buckett et al.,
2010) suggests cladding materials such as timber, bricks
and stucco are generally unaﬀected by ﬂoods of less than
24 h duration. However, junctions within walls create the
potential for water penetration during storm events. Join-
ing one cladding type to another requires correct detailing
and good installation. Also, diﬀerent materials react to
temperature changes and moisture diﬀerently. Their rates
of thermal expansion and contraction vary and they can
also move diﬀerently as a result of moisture absorption
and subsequent drying.
In the over 65 group, the percentage of dwellings with
more than two cladding types was lower than the rest of
the population (12% for over 65s versus 18% for the gen-
eral population). The percentage of dwellings needing wall
cladding maintenance immediately or within 3 months was
also lower for the 65+ group (8%) than the rest of the sam-
ple (15%).
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condition
Sunrooms or conservatories were almost exclusively
found in properties over 10 years old (96%). Twice as many
of the 65+ group (17%), compared to the general popula-
tion (8%), were found to have a sunroom or conservatory.
Meanwhile, approximately a third of properties had full
height windows. The percentage of dwellings needing win-
dow maintenance immediately or within 3 months was 16%
for the 65+ and 22% for the rest of the sample.
The percentage of dwellings needing maintenance on
exterior doors immediately or within 3 months for the
65+ group was 7% versus 14% for the rest of the sample.
3.6. Flooring materials
Solid timber based ﬂooring components are more resis-
tant to wetting than reconstituted wood products such as
particleboard. Fewer in the 65+ were found to have parti-
cleboard ﬂooring (19% versus 24%) or timber ﬂoors (42%
versus 52%).
For both groups, about 60% of particleboard ﬂooring
was in 1970/80s houses while approximately 15% was in
1990/2000s houses and about 25% had been used in retro-
ﬁts of older houses.
3.7. Thermal comfort, cooking and water
A resilient house is regarded as one that will provide
comfortable indoor temperatures for its occupants in ordi-
nary and less clement weather across all the seasons. In
addition, a resilient house will provide an alternative
method of cooking without the need for reticulated services
(i.e. electricity or gas) as well as a reasonable quantity of
potable water for both drinking and cooking. Unfortu-
nately, the HCS dataset was not comprehensive enough
to provide details on dwelling orientation, but it did pro-
vide a relatively detailed database of house insulation and
heating for which some resilience characteristics can be fur-
ther explored.
An analysis of the dependency of dwellings on reticu-
lated energy sources for space heating was performed. It
was found that, for 46% of the general population, the
principal space heater fuel source was independent of retic-
ulated energy, while this was the case for only 41% of the
65+. Thus, a majority of houses would be without space
heating should reticulated energy supply be compromised
by an extreme natural event, with the 65+ being slightly
more vulnerable than the general population.
Further examination found that 53% of the general pop-
ulation had an alternative heating source independent of
reticulated energy that was available to provide backup.
Thus, they too would be resilient in times of emergency,
in terms of having warmth. The 65+ had less backup avail-
ability, with only 52% having some alternative space heat-
ing source which could be used in the event that reticulatedenergy was unavailable. Thus, based on this utility alone,
the 65+ group is likely to be approximately as vulnerable
in these situations as the general population.
The HCS database was then mined to determine all the
most critical instances to assess risk and vulnerability. This
applies when the following events coincided:
– The resident is 65+ in age AND the main source of heat-
ing is via electrical means AND there are no alternative
sources of independent power AND the dwelling is in
the coldest climate (as classiﬁed by the New Zealand
Building Code). It was found that about 7% of the
65+ satisﬁed all these conditions and are therefore the
most vulnerable.
In addition, data mining the HCS found that for the
sample in general:
 In terms of being water independent, approximately 10%
of the sampled population had a water storage device
that: was of a suﬃcient volume to be used for both
drinking and cooking AND was easily accessible (i.e.
not completely underground) AND provided water of
drinkable quality to make it useful post disaster event.
 In terms of water heating, about 9% had a wet-back to
assist the electric heater while about 10% had (bottled)
gas storage that could be used post event. Thus, the total
percentage of households independent of reticulated
energy for water heating was about 19%.
 In terms of an alternative cookingmeans, about 40% had
an enclosed wood burner or potbelly stove. It is esti-
mated that about 30% of these are able to be used as
a cooking device in an emergency, based on a cursory
examination of systems typically sold today. In addition,
about 4% of all homes had a (bottled) gas cooker which
worked independently of a reticulated energy supply.
Note that approximately 2% of those owning a
wood-burner stove also owned a bottled gas cooker.
4. Discussion
The objective of this research was to better understand
the vulnerabilities of the New Zealand housing stock in
general, and particularly that of the 65+. The researchers
leveraged an existing dataset – the BRANZ HCS – to pro-
vide some preliminary insights.
As reported elsewhere, the 2011 BRANZ HCS demon-
strated that a signiﬁcant portion of the New Zealand hous-
ing stock requires a signiﬁcant amount of maintenance to
return properties to an average condition (Buckett et al.,
2011). This lack of maintenance is more common across
the general population (32%) compared to the 65+(17%).
This analysis found that the HCS dataset contained
information about a number of dwelling features that are
predictors of dwelling vulnerability. For example, for the
65+ the percentages of properties with add-on features
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Once amalgamated with the presence of multiple claddings
(being two or more cladding types), the analysis suggested
that 39% of the 65+ in the sample had at least one recorded
feature that increased the dwelling’s vulnerability to
storm-related damage. Eight percent of the 65+ had two
of the features speciﬁcally examined here.
The resilience-predicting features examined also indi-
cated that, unsurprisingly, older people’s properties have
broadly similar features to the rest of the population. Their
properties also have broadly similar issues, including
poorly maintained building envelopes, a reliance on reticu-
lated energy for all heating, a high reliance on reticulated
water sources, and a lack of grid-independent water heat-
ing and cooking facilities. Thus, older people are exposed
to the same risks as the general population in terms of
damage to their properties and the ability of their dwellings
to provide functional utility.
The analysis also found that the in-situ property assess-
ment performed as part of the HCS lacked an examination
of some resilience-related features, resulting in signiﬁcant
deﬁciencies in the dataset. That said, the dataset did indi-
cate that at least a third of properties in New Zealand will
have features that render them more vulnerable to storm
damage. It also showed that almost half the homes would
be without heating if the power stayed oﬀ after an event.
5. Conclusion
The following conclusions were found as a result of data
mining the existing BRANZ HCS:
1. Homes occupied by 65+ were more likely to be well
maintained. In addition, there is a consistent trend of
the homes of those 65+ being in better condition than
the rest of the sample over most property age bands.
2. No diﬀerence was found between the general population
and the 65+ regarding the condition of structures classi-
ﬁed as ‘Additions’.
3. Relatively few properties have higher risk roofs, and so,
for both age cohorts, the major resilience issue for roofs
lies in the condition of the roof, irrespective of the
design.
4. Fewer 65+ have houses with multiple claddings and the
condition of the cladding is typically better.
5. In terms of sunrooms, conservatories and exterior
doors, those owned by people 65+ were generally in bet-
ter condition.
6. The ﬂooring materials used in houses for the 65+ are
similar to those of the general population.
7. In terms of assessing the thermal vulnerability of dwell-
ers, the most critical situation representing a ‘perfect
storm’ was examined. This is when the following occur
concurrently: the household’s main source of heating
is electrical AND there are no alternative sources of
independent power AND the dwelling is in the coldest
climate region (as classiﬁed by the New ZealandBuilding Code). It was found that about 7% of the
65+ satisﬁed all these conditions compared to 5% of
the rest of the population. Thus, the 65+ are more vul-
nerable in this speciﬁc area than the general population.
Overall, compared to the general population, it seems
that the 65+ are only more vulnerable in maintaining ther-
mal comfort post disaster event for the selected resilience
issues examined. This is given our current state of knowl-
edge on the construction and maintenance of homes in
New Zealand.
6. Recommendation
This work could be further improved by extending the
existing HCS to collect more resilience-related information
in the upcoming 2015 survey. In particular, new survey
items that should be recorded for each dwelling include:
 Presence of, condition of, orientation, dimensions and
date of additions (including verandas, canopies, covered
decks and lean-tos).
 Presence, age, orientation, dimensions and condition of
skylights.
 Area of glass as a percentage of each wall and presence
of, orientation, dimensions and details of glazed doors.
This will allow a more extensive assessment of the storm
resilience of the New Zealand housing stock. In addition,
the results from this work can further feed into resources
for people 65+, to increase their resilience. Examples
include: publication of detailed recommendations on dwell-
ing resilience features to guide consumer choices (published
since submission of this paper (CRESA, 2015)); presence of
resilience risk features, reported as part of the 2015 HCS,
to provide more targeted investigations to better inform
the building and related sectors; and further experimental
investigations to identify the most resilient New Zealand
building materials and systems.
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